INTRODUCTION
============

Obesity is a complex and multifactorial disease that constitutes one of the major metabolic risk factors for noncommunicable diseases (NCDs) \[[@B1]\]. In Argentina, cardiovascular diseases and cancer were responsible for more than 45% of all deaths in 2013 \[[@B2]\]. According to the National Risk Factor Survey, prevalence of obesity in the adult population rose from 14.6% in 2005 to 20.8% in 2013 in Argentina.

The emergence of urbanized environments and changing lifestyles over past decades has contributed to increased prevalence of obesity both in developed \[[@B3][@B4]\] and developing countries \[[@B5]\]. It has been proposed that obesity is the result of complex interactions between genetic and environmental factors, with the latter being a main contributing factor to the increasing prevalence of obesity. Human diet and lifestyle have outstripped the ability of the genome to adjust to a changing environment \[[@B6]\].

Nowadays, there is a consistent body of research on the roles of dietary factors in obesity \[[@B7]\], and most have examined the effects of single nutrients or food intake. Recently, there has been increasing interest in nutritional epidemiology research examining the association between diet and NCDs from a more integrative perspective, such as a dietary patterns approach. However, studies relating dietary patterns to obesity are still scarce in populations living in developing countries.

The dietary patterns approach offers a more reliable view of dietary intake, which is a multidimensional phenomenon. Dietary patterns, as combinations of dietary components (e.g. food items or groups), summarize key aspects of the total diet for the population being studied \[[@B8]\]. An advantage of this approach is that it the issue of multicollinearity can be addressed due to interdependencies between foods items and nutrients. In addition, it provides easily comprehensible dietary information that aids the formulation of public health policies to tackle obesity. This is relevant since global strategies for prevention and control of NCDs have proven inadequate \[[@B9]\], and many nutritional interventions implemented to relieve the global burden of obesity have not been successful.

Argentina, like several low- and middle-income countries, does not have exhaustive information about the dietary intake of its adult population. To our knowledge, there have been no studies on obesity performed from a dietary patterns perspective in this population. Accordingly, the Córdoba Obesity and Diet Study (CODIES) \[[@B10][@B11]\] is a valuable source of data to investigate this issue. This population-based prevalence study was conducted in the second largest city of Argentina (Córdoba, capital city: 1,329,604 people) performing a random sample with n = 4,327 subjects in the 2005-2012 period \[[@B11]\].

For this obesity prevalence study, we hypothesized that there are specific dietary patterns that characterize the eating habits of people living in this urban context. These patterns have their own effects on obesity, which can differ from those previously observed in traditional perspectives based on single-nutrient intakes. Thus, the aims of the present work were (a) to identify current dietary patterns of the population of Córdoba city (Argentina), (b) to investigate the association of dietary patterns with obesity prevalence, and (c) to identify and describe the dietary patterns from the subgroup of people with obesity.

SUBJECTS AND METHODS
====================

Study design and data
---------------------

The present work analyzed a new topic in the Córdoba Obesity and Diet Study (CODIES). This random sample population-based study was conducted from January 2005 to December 2012. The general design and previous results of the study have been published elsewhere \[[@B10][@B11]\]. All participants were 18-years-old or older, and data collection was conducted by a household survey. Sample size was calculated for a hypothetical overweight proportion of 0.35 (as suggested for Latin American countries) \[[@B12]\], a desired probabilistic Type I error of 0.05 and a power of 0.90. Thus, the sample size was 4,327 subjects, including those who agreed to participate in the study and those without inconsistent or incomplete data \[[@B11]\].

Information included demographic and lifestyle characteristics, body mass index (BMI), and dietary intake data obtained from a validated food frequency questionnaire (FFQ) \[[@B13]\] comprising 127 food items administered to 2,495 women and 1,832 men of Córdoba city by trained interviewers. The FFQ inquired about intake frequency (by day and week or month) of each particular food item over the previous 12 months and serving size (three categories: small, medium, and large), using a validated photographical atlas as a complement based on standard portion sizes in Argentina. Nutrio software was used to transform frequency of intake and portion size into food grams (or mg/day) of daily intake. In addition, the validated short form of the International Physical Activity Questionnaire (IPAQ) \[[@B14]\] was applied to explore physical activity habits, expressed as number of metabolic equivalent (MET) min/week. Systematically, the consistency of the data collected was checked once a month.

This study was performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments and was approved by the Ethical Committee of the School of Medical Sciences, University of Córdoba \[Res. 2913/2008\]. All persons gave their informed consent prior to their inclusion in this study.

Statistical analysis
--------------------

Firstly, *empirically derived* dietary patterns were identified for the total population (n = 4,327 subjects). Thus, factor analysis was applied to grams of food groups consumed per day, using principal component factor analysis (PCFA) as the extraction method. Before runing PCFA on the correlation matrix of the database, it was necessary to collapse the 127 food items of the FFQ into 15 major food groups, which were chosen to provide comprehensive representation of the Argentinean diet. These groups were milk and yogurt, cheeses, meats and eggs, processed meats, non-starchy vegetables, fruits, refined grains and starchy vegetables, whole grains and pulses, bakery products, added sugar and sweets (sugar, jam, honey, candies), fats (butter, milk cream, vegetable oils and mayonnaise), alcoholic beverages, tea, coffee, and "mate" (a popular herb infusion), non-alcoholic caloric beverages, and snacks (a small portion of food eaten between regular meals, often with high energetic density and sodium such as chips). Then, the PCFA allows us to describe the variance-covariance structure among food groups in terms of a few underlying unobservable and randomly varying factors, which are named dietary patterns \[[@B15]\].

The Kaiser-Meyer-Olkin (KMO) index and Bartlett\'s sphericity test were used to evaluate factorability of the correlation matrix \[[@B16]\]. KMO measures of sampling adequacy with values \> 0.60 indicate a satisfactory size. An orthogonal *varimax* rotation was then applied to the factor loading matrix. This rotation leads to uncorrelated factors that are considered simpler and easier to interpret \[[@B17]\]. We chose four factors to retain based on criteria of ensuring a factor eigenvalue greater than 1 and factor interpretability. To account for parsimony and plausibility of the factors, Bayesian Information (BIC) and Akaike information (AIC) criteria were employed \[[@B17]\]. Each factor was labeled according to those items with absolute rotated factor loading \> 0.52, which were considered as dominant food groups.

Factor scoring coefficients were then calculated for each study participant by applying the regression method. These scores indicate the degree to which each subject\'s food consumption conforms to each one of the emerged patterns \[[@B15][@B16]\], allowing us to assign these scores to three categories or "level of adherence" to each dietary pattern (low, medium, and high) according to tertiles of factor scores.

Multiple logistic regression (MLR) analysis was used to investigate the association of dietary patterns with obesity (BMI ≥ 30 kg/m^2^) prevalence. Separate models for each dietary factor were fitted. AIC was used to select the appropriate adjusted models. Thus, each dietary factor model included obesity (binary response) as an outcome and dietary pattern (tertiles of scored pattern) as a covariate; sex (male/female), age (in years), physical activity (insufficient: \< 600 MET min/week), educational level (complete high school or more, yes/no), energy intake (kcal/daily), smoking (yes/no), and marital status (married or living common-law, yes/no) were included as adjustment variables. ORs and the corresponding 95% confidence intervals (95% CI) were estimated for each tertile category of factor scores. Tests for linear trends were computed for comparison of means across tertiles of scores.

Finally, for comparative purposes, dietary patterns identification by PCFA was repeated using only participants with obesity (735 subjects).

Stata 12.0 software (Statacorp LP. CollegeStation, TX,USA) was used for all analyses.

RESULTS
=======

Of the total 4,327 subjects studied (mean age 42 years old), 58% were men, 31% had a low instruction level, 32% were non-smoking, and 50% were married. Physical activity level was insufficient in 68% of the participants. Prevalence of obesity was similar between men and women (16.7% and 17.2%, respectively).

Dietary patterns in overall population
--------------------------------------

[Table 1](#T1){ref-type="table"} shows the results from the PCFA based on dietary intakes of the whole population of Córdoba city. Four factors were retained, which explained around 42% of the total variance in the original dataset of food groups. Overall estimate of KMO value (0.728) indicated that this factor analysis was adequate for the dataset. Results of Bartlett\'s test of sphericity (*P* \< 0.001) led us to reject the null hypothesis that the correlation matrix is an identity matrix.

The first dietary pattern identified was called as "*Starchy-Sugar*" ([Table 1](#T1){ref-type="table"}), which presented strong positive factor loadings on refined grains and starchy vegetables, added sugar and sweets, and bakery products. The second factor, defined as "*Prudent*", was based on non-starchy vegetables, fruits, and milk and yogurt. The third one, called "*Western*" pattern, had the strongest factor loadings on meats and eggs, processed meats, and alcoholic beverages. The last one, labeled "*Sugary drinks*", was characterized by the highest loadings on non-alcoholic caloric beverages (and negative loadings for tea, coffee, and "mate" intakes). In a simplified manner, negative factor scores can be interpreted as dominant food groups whose intakes are detrimental to intakes of those food items with positive factor scores, in the same factor. The mentioned patterns explained 12%, 11%, 11%, and 8% of the total variance in the dataset, respectively ([Table 1](#T1){ref-type="table"}).

[Table 2](#T2){ref-type="table"} shows mean intakes of each dominant food group of the dietary patterns identified in our study population, estimated based on categories according to tertiles of factor scores. Overall, there was an increase in mean intakes of most dominant groups from the lower to higher tertile ([Table 2](#T2){ref-type="table"}).

Dietary pattern association with obesity
----------------------------------------

As shown in [Table 3](#T3){ref-type="table"}, four MLR models were applied. For each model, the ORs and corresponding 95% CI were calculated for the second and thirth tertiles of the dietary pattern scores, compared to the first as a reference to estimate dietary pattern effects on obesity, and adjusted by potential confounders.

There was a positive and significant association between the "*Western*" pattern and obesity occurrence (*P* = 0.01), with a 33% higher chance of obesity in people with high *versus* low levels of adherence to this pattern (OR 1.33, 95% CI 1.06-1.67) in Córdoba city. There was a significant linear trend for this pattern (*P* = 0.015) ([Table 3](#T3){ref-type="table"}).

Specific dietary patterns of obese population
---------------------------------------------

Subsequently, we identified four characteristic dietary patterns in the subgroup of the obese population (17% of total sample population). KMO measure was 0.725, indicating middling sampling adequacy. Bartlett\'s test of sphericity showed that the correlation matrix was not an identity matrix (*P* \< 0.001). The retained factors accounted for 43% of the cumulative proportion of total variance in analysis of foods ([Table 4](#T4){ref-type="table"}).

The first and third dietary patterns in people with obesity were similar to those derived in the first and second orders from the overall population ("*Starchy-Sugar*" and "*Prudent*"). Similar to all subjects, a pattern characterized by high positive loadings of meats and eggs and processed meats, including cheeses as the dominant food group, was identified in the subgroup with obesity (named "*Meats and Cheeses*" pattern). In addition, one specific pattern emerged, which was characterized by strong factor loadings of snacks and alcoholic beverages ("*Snacks and Alcohol*" pattern), as shown in [Table 4](#T4){ref-type="table"}.

DISCUSSION
==========

This is the first population-based study investigating the association between diet and obesity prevalence using a dietary pattern approach, applied to an urban population of Argentina. The relationship between social characteristics, single-nutrient/food group intakes, and overweight status has been reported previously in the same population by Aballay et al. \[[@B10][@B11]\]. The present study added evidence on four dietary patterns that characterize the eating habits of people living in Córdoba city. Our results indicate that high scores for the "*Western*" pattern showed a positive association with obesity. In addition, some specific dietary patterns emerged in the subgroup of the population with obesity, including "*Meats and Cheeses*" and "*Snacks and Alcohol*" patterns.

Changes in dietary intake and energy expenditure related to the global "nutrition transition" \[[@B18]\] are driving the obesity epidemic in Latin America \[[@B1][@B19]\]. However, the diet-obesity relationship has been inconclusively studied in the region, especially from an epidemiological perspective of dietary patterns.

In Argentina, obesity is already a recognized public health issue \[[@B20]\]. Similar to other Latin America cities \[[@B21]\], Córdoba presents relatively high obesity prevalence (17% according to CODIES) \[[@B11]\]. Published results of the Argentina National Risk Factor Survey for NCDs showed a heterogeneous distribution of obesity across geographical areas, socio-economic conditions, and sex \[[@B20][@B22]\].

Traditionally, the Argentinian population has a particular diet characterized by unusually high consumption of barbecued red meat, regular drinking of red wine, and low fiber intake \[[@B23][@B24][@B25]\]. However, to our knowledge, no observational studies on the relationship between dietary patterns and obesity (or BMI categories) in adults have been published in Argentina; only few works about this topic have been performed in Latin American countries \[[@B26][@B27]\]. Nevertheless, several case-control studies on cancer have applied PCFA to identify dietary patterns in the Southern Cone region of Latin America \[[@B16][@B24][@B28][@B29][@B30][@B31][@B32]\] and were performed by pooling controls from these research studies \[[@B16][@B24][@B28][@B29]\]. So far, no population-based study design with comprehensive characterization of dietary patterns has been reported. Dietary patterns similar to our "*Prudent*", "*Western*", and "*Sugary drinks*" patterns have been identified in case-control studies \[[@B17][@B31][@B32]\]. Particularly, in our study, refined grains-starchy vegetables, added sugar and sweets, and bakery products emerged as dominant food groups in the first dietary pattern, which characterizes the diet of the Córdoba city population. This finding is consistent with worldwide trends of a shift from traditional toward \"modern\" diets based on refined grains and ultra processed, high-fat, and sugary foods \[[@B33]\], especially in urban societies.

Regarding the "*Sugary drinks*" pattern, it was previously reported that Argentina (as well as Chile, United States, and Mexico) experienced the highest consumption of soft drinks in 2010. However, whether or not consumption of this type of drink is significantly linked to overweight status and obesity, even in low- and middle-income countries \[[@B34]\], could not be confirmed in our study. This result can be attributed to homogeneous consumption both in people with or without obesity in our population.

It is notable that many food items that characterized the dietary patterns of the Cordoba city population have already been reported worldwide as risk factors for obesity \[[@B7]\]. In addition, intake of these food groups showed association with obesity (*versus* normal/overweight) in our population, from the traditional single-nutrient/food perspective \[[@B11]\]. Even so, we detected lack of association between most dietary patterns and obesity. We argue that this reinforces the idea that dietary patterns have their own effects on health, which are independent from the individual effects of food groups.

In our study, high scores for the "*Western*" pattern were positively related to obesity risk in the overall population. Other studies also detected similar dietary patterns associated with being overweight or obese \[[@B35][@B36]\]. The above-mentioned common habit among the population of Argentina (and Córdoba city) \[[@B23]\] of eating barbecued red meat and drinking red wine explains the emergence of this pattern. In turn, its effect may be related to the fact that the "*Western*" pattern includes food groups rich in proteins and with high saturated fat content, intake of which is associated with certain NCDs such as obesity \[[@B37]\]. Moreover, these types of foods have high palatability, hedonic effects, and low impact on satiety, which could lead to overconsumption and increased fat body storage and obesity \[[@B38][@B39]\]. On the other hand, this pattern contained alcohol, a dietary component with high energy density associated with obesity. The energy derived from alcohol cannot be stored, unlike other macronutrients, and has absolute priority in metabolism, with very high potential to affect different metabolic pathways such as reduction of fat oxidation and promotion of fat body storage \[[@B40]\]. Interestingly, among the obese population, "*Meats and Cheese*" and "*Snacks and Alcohol*" patterns, which includes foods with high fat content and alcoholic drinks as dominant groups, were identified.

The "*Prudent*" pattern did not show a protective effect on obesity in our work, which is in contrast to other studies on dietary patterns and BMI in adult populations \[[@B41][@B42]\]. In line with our results, it has been suggested that significant weight loss is unlikely if there increased fruit and vegetable consumption is not accompanied by compensatory reduction in total energy intake \[[@B43]\]. In addition, Kant reported that the protective effects of healthy diet patterns in most published studies were relatively modest, suggesting that these dietary patterns are reported along with other desirable health behaviors, thereby confounding pattern and health association \[[@B41]\]. Although we considered potential confounders in the risk analysis, other factors not considered (such as likely dieting and preparation methods) may be causing confusion.

It is interesting to note that "cheesses" emerged as the dominant food group in the second indentified pattern for people with obesity, considering that the role of dairy is still debated in diet-obesity research studies \[[@B44][@B45]\]. Several mechanisms underlie the effects of dairy products on body weight, mediated primarily by dietary calcium-induced modulation of adipocyte lipid metabolism, lipogenesis and lipolysis, fat oxidation, and fat absorption \[[@B45]\]. While current evidence suggests that dairy fat or high-fat dairy foods (as cheeses commonly eaten in Argentina) do not contribute to obesity \[[@B46]\], the presence of cheeses as a main food group, frequently associated with prepared foods such as pizza in our study, characterized the dietary habits of the subgroup with obesity \[[@B46]\]. Moreover, some scientists claimed that dairy products (with high concentrations of saturated fat and dietary antigens in cow milk) are a major cause of chronic inflammatory diseases such as obesity \[[@B47]\].

We also demonstrated "snacks" as a dominant food group in the last dietary pattern of the obese population. \"Snacking\" is an eating behavior promoted by the food industry, both in developing and developed countries, comprising a wide array of snack foods (some healthy and others unhealthy, with added sugar, salt, or saturated fat) \[[@B33]\]. This issue has been rarely studied in our region and should be addressed in future obesity research.

It should be underlined that our work presents some methodological strengths, such as its population-based epidemiological design, a sampling size of 4,327 subjects, and its BMI assessment method (measured, not self-reported). However, some limitations need to be considered. Concerning obesity research, a common bias is the underestimation of dietary exposure due to selective underreporting of certain food types by obese people \[[@B48]\]. In order to reduce this source of bias and remove interviewer bias, several training and monitoring procedures were applied along with standardization of data collection procedures. In addition, selection bias was minimized through rigorous design of the multistage population random sample \[[@B10][@B11]\].

Regarding the index-based dietary patterns approach, several weaknesses have been described, such as subjectivity in naming of patterns, differences in dietary variables, and analytic decisions that limit its replication and comparability across studies \[[@B41]\]. However, dietary habits differ across populations. Therefore, in order to respond to the rising problem of obesity, it is imperative to define more effective and targeted interventions. Despite its limitations, we believe that this approach provides valuable information that complements data obtained by other methodological strategies.

In conclusion, the present study provides new informative dimensions for analysis of the diet-obesity relationship in Córdoba city, Argentina. We propose that this population can represent a specific subgroup that has been scarcely studied from the diet-obesity perspective in adults living in an urban context of a developing country. Our findings suggest that, in this population, there is increased obesity risk due to dietary patterns characterized by high intakes of meats and eggs, processed meats, and alcoholic beverages ("*Western*" pattern). Additionally, we found that subjects with obesity showed characteristic dietary patterns that differ from those patterns observed in the overall population. This information should be considered in future research studies about diet patterns in people with established obesity in order to prevent obesity incidence and design treatments. Finally, regarding the complex etiology of obesity worldwide, it is necessary to go beyond promotion of dietary changes at the individual level by recognizing the socially determined environment, which can condition individual decisions of food selection.
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###### Rotated factor loading matrix and explained variances for major dietary patterns identified by factor analysis in Córdoba city population (n = 4,327), Argentina. CODIES 2005-2012.
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Food groups with absolute rotated factor loading \> 0.52, considered as dominant food groups for each factor, are shown in bold typeface.

^1)^ Infusion of Ilex paraguariensis herb widely consumed in Argentina.

###### Mean intakes of dominant food groups (g/day or cc/day) by tertiles of scored dietary patterns in Córdoba city population (n = 4,327), Argentina. CODIES 2005-2012.
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^1)^ Mean ± SD

^2)^ Infusion of Ilex paraguariensis herb widely consumed in Argentina.

###### Obesity risk estimates obtained from MLR modeling on tertiles of scored dietary patterns in Córdoba city population (n = 4,327), Argentina. CODIES 2005-2012.
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OR, odds ratio. CI, confidence interval.

^1)^ Tertile I, II, or III of pattern score distribution.

^2)^ Adjusted for age (continuous), sex (dichotomic), physical activity level (dichotomic), total energy intake (continuous), educational level (dichotomic), smoking (dichotomic), and marital status (dichotomic).

^\*^ *P* \< 0.05 as levels of significance.

###### Rotated factor loading matrix and explained variances for major dietary patterns identified by factor analysis for subjects with obesity (n = 735) in Córdoba city population, Argentina. CODIES 2005-2012.
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Food groups with absolute rotated factor loading \> 0.52, considered as dominant food groups for each factor, are shown in bold typeface.
